In 1965 and 1966, English-speaking biologists were introduced to something called phylogenetic systematics (Hennig, 1965 (Hennig, , 1966 . The author of this approach, the late German entomologist Willi Hennig, was interested in formulating what he called a "general reference system" for comparative biology. In an earlier work in German, Hennig (1950) had argued two major points. First, he had distinguished between special reference systems and general reference systems in biological classifications. Special reference systems were those constructed to emphasize a particular kind of relationship among different species. For example, a classification that placed all the parasitic helminths inhabiting mammals in one category, those inhabiting birds in another, and so forth, would be a special reference system useful for categorizing helminth faunas in various host groups. It is doubtful that such a classification would be good for much else, since it would place various platyhelminths, nematodes and acanthocephalans together in the same categories. A general reference system, on the other hand, would be one that would provide the most efficient summary of the maximum amount of information about the species being classified. Hennig reasoned that the logical choice for a general reference system in biology would be one based on the genealogical, or phylogenetic, relationships of the species involved. The choice of genealogy was based on two observations: (1) the one attribute of any organism or species that would always be constant was its history, so phylogenetic history should be the most stable criReceived 11 December 1984; revised 2 May 1985; accepted 6 May 1985. terion for classifying and (2) genealogical relationships, like classifications, are inherently hierarchical.
The second major point which Hennig (1950) argued had to do with developing a formal general method for discovering phylogenetic relationships. Hennig objected to phylogenetic schemes which were based on hypothetical idealized "archetype" ancestors. He asserted that all species are composites of ancestral and derived traits; therefore, there are no such things as archetypes that, by definition, are all-primitive. This assertion led directly to Hennig's proposed methodology. If the traits exhibited by any species are a combination of primitive and derived features, then the traits shared by two or more species will be indicators of phylogenetic relationship After determining which traits are apomorphic ninths relative and which are plesiomorphic, one is sometimes t be diagnostic faced with apomorphic traits which suggest conLigeneans have flicting groupings. We know the reason for such because other conflicts; it is the phenomenon of parallel or cona-filled bodies vergent evolution, given the general name hoie apomorphic moplasy, in contrast with homology. Homoloare those traits gous traits of any taxa all co-vary with the ancestor of the phylogenetic relationships of the taxa; homoplasious traits do not. So long as homoplasious traits iethod consists do not co-vary in larger numbers than the hoid apomorphic mologous traits, phylogenetic systematic technds to classify. niques will pinpoint the proper phylogenetic reer according to lationships. The possible occurrence of great The result is a amounts of convergent or parallel evolution re-quires only that many traits be used in the analysis. An assumption is made that the pattern of relationships indicated by a plurality of the traits examined is the best estimate of phylogenetic relationships. For example, if one looks at only a few traits of the cestodarian platyhelminths (gyrocotylideans, amphilinideans and eucestodes) one might consider the lack of an intestinal tract to indicate relationships with other gutless flatworm groups, such as acoels, rather than with trematodes and rhabdocoels. When 39 different characters are considered together (Brooks et al., 1985a), however, the lack of a gut in these parasitic groups is unambiguously delimited as a convergent trait. Since this requires that large numbers of traits be analyzed together, an increasing number of phylogeneticists have found it helpful to use computer-assisted algorithms to search for the plurality pattern There is a mistaken impression among some systematists that phylogenetics is done in the reverse manner to what I have described. That is, one decides what the groups are, then decides what their phylogenetic relationships are, and finally interprets various characteristics, post hoc, in such a way as to support the phylogeny. It is the contention ofphylogeneticists, among others, that no empirical criteria exist for "knowing" a phylogeny in this manner, and inevitably all such discussions rest on appeals to authority rather than to evidence. When such recourse to authority involves one's mentor(s), it is sometimes jokingly termed the "academic outgroup criterion." Phylogenetic systematics is not used to justify arbitrary decisions about evolutionary relationships but as a means of evaluating characters and arriving at decisions about groups and their relationships based on the weight of evidence.
WHAT CAN WE DO WITH PHYLOGENETICS?
Beckner (1959) stated that systematics has two functions, classification (information storage and retrieval) and implementation of biological theory. Phylogenetics has made significant contributions in both areas.
Classification
Phylogeneticists are faced with two problems in presenting their results as classifications. First, they wish to make certain that classifications accurately reflect our current state of knowledge about phylogenetic descent. Second, they wish to disrupt existing classifications as little as possible. Rather than recount the lively history of debates about the perceived dangers of phylogenetic classification, much of which took place in the pages of Systematic Zoology, I will discuss the reconciliation promoted most articulately by Wiley (198 la). Consider the phylogenetic tree in Figure 2 . Phylogeneticists would allow any classification from which the tree could be directly reconstructed. 
Documenting evolutionary patterns
Phylogenetic trees produced by phylogenetic analysis are explicit direct estimates of historical patterns. As such, they can be used to provide an additional source of evidence for investigations of various evolutionary phenomenon. It is assumed that every hypothesis about evolutionary mechanisms (processes) implies predictions about the expected outcome (patterns) of phylogenetic descent affected by those mechanisms. Thus, phylogenetic trees can be used a priori to restrict the realm of explanations about processes involved in evolution, or can be used a posteriori to test the expected outcome of hypothesized evolutionary processes. Applications of phylogenetics to evolutionaary biology have involved studies in (1) developmental biology, (2) speciation and biogeography, (3) coevolution, and (4) community ecology. (1985b) suggested that if the development of the pharynx and gut were retarded (paedomorphosis) in species having rediae, the resulting rediae would be sacs of germinal cells with a birth pore and no other structure-the definition of a daughter sporocyst! Whether this is due to retarded rate of development (neoteny) or retarded initiation of development (pre-displacement) in each particular case is not known. But this finding from a phylogenetic analysis leads us to look for an explanation in developmental biology rather than in ecology or population biology. A third form of paedomorphosis occurs when the duration of development is retarded (progenesis). For example, during the ontogeny of most plagiorchiform digeneans, the coils of the uterus become more extensive and expand from being only intercecal to having extracecal portions as well. The presence of extracecal loops in the adult is a plesiomorphic trait. And yet, members of two sub-genera of Glypthelmins are characterized by having only intercecal loops as adults. Clearly, the uterine development does not proceed as far in those species. The mechanistic explanation for such occurrence is more likely to be found in developmental biology than in any discussions of the selective value of the relative fecundity of species with "big" and "little" uteri.
A second area of investigation involves the expected relationship between larval and adult traits in evolution. It is clear that whenever evolution proceeds by adding traits at the end of indicated that digenean life cycles evolved by the addition of (1) a vertebrate host and of (2) new larval features characterizing development in the primitive molluscan host. Cestode life cycles, on the other hand, evolved by the addition of (1) an invertebrate host and of (2) new adult features characterizing development in the primitive vertebrate host. Thus, the "complex life cycles" of digeneans and of cestodes evolved in almost exactly opposite manners. The one thing common to both cases is that the most conservative part of the developmental program is found in the acquired host type and the innovative part of the developmental program is found in the primitive host type. Those of us who were trained to think in terms of host colonizations leading to morphological change in parasite evolution find such discoveries interesting.
Although we helminthologists often lament the paucity of life cycle studies done in our groups, I suspect that more is known about the ontogenetic pathways of helminths than of many other groups of organisms. That is the reason we can so easily find interesting questions when using the results of phylogenetic analysis to make predictions about undiscovered aspects of evolution and development. 
Biogeography and patterns of speciation
If one places a phylogenetic tree for a group of species on a map of the areas in which the various species occur, there is often a very marked concordance between the biological history of the species and the geological history of the areas (see Fig. 3 Any parasites that have an historical relationship with their hosts act like homologous traits of their hosts; that is, they co-vary with their host phylogeny. From this notion, Brooks (1981 b) developed a formal method for using parasite data to assess host phylogeny independently of any assumptions about degree of coevolution and without needing a host phylogeny. This has allowed helminth parasite data to be used as an independent source of evidence about host phylogeny in three studies. In two of those studies (Brooks, 198 lb: crocodilians and digeneans; Glen and Brooks, in press: Great Apes and helminths), the parasite data produced a host-group phylogenetic tree consistent with those produced using characteristics of the hosts themselves. In the third case (Brooks, 1981 b: freshwater stingrays and helminths), the only existing phylogenetic tree for the hosts is the one based on parasite data. A fourth study, using parasitic copepods and their scombrid (mackerel) fish hosts (Cressey et al., 1983 ) also found good agreement between parasite data and the host phylogeny.
Community ecology
Parasite faunas represent excellent model systems for studying community ecology. When phylogenetic trees, biogeography and host relationships are known for a variety of parasites inhabiting the same host group, an assessment of the historical aspects of community structure can be made. Of primary concern is the origin of the various ecological life history traits which characterize the interactions among the various members of the community. If ecological traits are treated like any other kind of trait, and are analyzed phylogenetically, one can determine which ecological traits are present in a community because of contemporaneous interactions and which are present because of ancestral conditions. For example, if two species of intestinal helminth inhabit different parts of the gut, is the separation due to competitive exclusion on the part of the contemporaneous species, or is it due to differences in site preference on the part of their ancestors? This approach to explaining the evolution of ecological life history traits has been explored by Brooks (1980) and, combined with biogeography and coevolution, expanded into a research program called historical ecology (Brooks, 1985).
PHYLOGENETICS AND THE FUTURE OF HELMINTH SYSTEMATICS
In most branches of biology, systematics developed wholly from a tradition of natural history and comparative morphology. Parasitological systematics has developed with a very pronounced influence from medical and veterinary diagnostics, which stresses unique traits and separation of taxa rather than relationships among taxa. Given parasite diversity, this approach has been quite effective and highly productive. Now that our knowledge of parasite diversity is extensive, though far from exhaustive, we are in a position to study many questions about relationships. Phylogenetics offers an analytical technique that will aid such studies greatly.
One of the most active areas of biological research today is evolutionary biology. A more unified view of evolution is emerging, one that encompasses previous achievements in population genetics and population ecology and combines them with developmental biology and phylogenetic systematics. This broader explanatory framework will provide a common ground for molecular biologists, organismic biologists and ecologists (see Brooks, 1984, for a brief review; see Campbell, 1982 , for a readable summary; see Brooks and Wiley, 1986, for a proposed unified theory of evolution). Systematic helminthology (indeed systematic parasitology), by virtue of its tradition of broad training incorporating taxonomy, ecology and life cycle studies, finds itself in an unparalleled position in the sociology of biology. Our very training programs are tailormade to produce biologists with a broad enough background to assume leadership roles in the new evolutionary biology. Many systematic botanists and systematic entomologists are also broadly trained. It is therefore distressing to realize that the number of such traditional graduate programs in parasitology has declined precipitously in the past decade. In addition, only a handful of those remaining active include these new advances, such as phylogenetics, in their programs. It would indeed be a shame for parasitology to be under-represented in these exciting times. 
